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rT ^ , t , ^m n FP ^ n MFM* ANP Wi ™s TUBWWT IN 

jiggTTF REPAIR 

BnrlrrrrmnH " f th * Invention 

^.app.icaUo^T— -pan of Seria, No ™ « 

November 11, 1994, which in .urn is a conUnuaUon-in-par, of Sena. No. 08/126,368 
filed September 24, 1993, now abandoned. 

TWs invention reia.es genera.., to the fields of biochemistry and med,cn«. 
More particular.,, the present invention relates to compositions and me»ods for use 
in accelerating the growth or healing of tissue. 

Wounds (i.e, lacerations or openings) in mamma.ian tissue resu.. ,n tusu 
eruption and coagulation of the micrc—ure a, the wound fac. Repa, o such 
.issue represents an orderly, comrolled cellular response .o ,n,ury. A,, soft ..ssue 
wounds, regardless ofsize, heal in a similar manner. Tissue growth and repa,r are 
biologic systems wherein Clular pro,ifera«ion and a„giog.nes,s occur >n ,he presence 
of an oxy en gradient. The sequential morphological and structural changes whtch 
occur dig issue repair have been charactered in great detail and have ,n some 
nTances been unified ,Hun,, T.K. e. a,.. "Coagulation and macrophage —on 
of angiogenesis and wound healing," in 7* PP- >-* «*• & 

G Hildrick-Smith (Ua & Febiger. Philadelphia: 1981)]. 

The cellular morphology consists of three dis,inc, zones. The cen,a, avascular 
wound space is oxygen deflcien.. acido.ic and hypercarbic, and has high ,ac,,e eve!s. 
Adjacent the wound space is a gradient zone of local anem,a (B chem,a) wh,ch » 
populated by dividing fibroblast, Behind the leading zone is an are, o, ac.»e 
LLgen synthesis characrized by mature fibroblasts and numerous newlyformed 
capillaries (i.e., neovascularization,. While this new blood vessel growth 
(angiogenesis) is necessary for .he healing of wound .issue, ang,ogen,c agems are 
3 unable ,o fulfil, .he long,el. need of providing .he addi.iona, biosymheuc 
effects of tissue repair. Despite the need for more rapid healing of wounds (.* 
.vere burns, surgical incisions, lacerations and other trauma,, to ate there has been 
only limited success in accelerating wound hewing with pharmacological .genu. 

U.S. Pa,en. 5,0.5.629 ,o DiZerega (.he en.i.e disclosure of which ■ hereby 
i„corpora.ed by reference) describes a me.hod for increasing .he ra.c of heahng of 
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re-epithehaJization and tissue reoair The , 6 m ° re ra P id 

Present in hum ans and otheTZl W I " '° 

Pro-Phe [SEQ ID NOl, IIT 7 ^^-I.e-His- 

W iu NO.IJ. Angiotensin II is a known pressor agent and is 
commercially available. 

Despite the utility of angiotensin II in accelerating wound hear „ 
remains a need for additional agents which are usef. , & ^ 

Moreover, it would be hi„h. h W ° Und hea,i "g- 

S^r^a^^ heretofore-known compositions. 

The present invention relates to the w n r c 
thereof in wound healin £ The,, 10 tne use of active fragments of All and analogs 

uu nca iin& Jnese compounds form th*. k,.- r 
accelerating wound healino the m • ° f COm P ositi °™ "«ful for 

ounanea »n& the compositions comprising at least nn , c u 

" " am ° Um » — wound healing P r ! f ^ ' " c 

» form of matrica. or nticellar solutions. * —•"»«- are 

grief D^rriniion r.f th. r.. ni11n| . 7 

The invention may be better understood with reference to ,h 
drawing in which: raerence lo the accompanying 

Fig. 1MmaM , he peram jncrrase jn ^ 
vehicle-treated control using AIII; 

Fig. 2 illustrates tne percent o, control response in wound closure 
-ia-ve to a vehicle-trcated control using various AIII analogs- 

F,g. 3 illustrates the percent of control response in wound closure 
relattve to a vehicle-treated control using various A,„ analog, 

F,g. 4 illustrates the percent of control response in f orma , ion of 
granulatton tissue using various AIII analogs; 

Fig. 5 iterates the percent of co nlro , fa 
granulatton ttssue using various AIII analogs; 
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Fig. 6 illustrates the percent of control response in wound closure 
relative to a vehicle-treated control using various fragments of AH; 

Fig 7 illustrates the percent of control response in wound closure 
relative to a vehicle-treated control using various fragments of All; 

Fig. 8 illustrates the percent of control response in formanon of 
granulation tissue using various fragments of All; 

Fig. 9 illustrates the percent of control response in formauon of 
granulation tissue using various fragments of All; 

Fig. 10 illustrates the percent of control response in formauon of 
granulation tissue using various fragments of All; 

Fig. U illustrates the percent of control response in formauon of 
granulation tissue using various fragments of AH; 

Fig. 12 illustrates the percent of control response in formauon of 
granulation tissue using various AIII analogs; 

Fig. 13 illustrates the percent of control response in formauon of 
granulation tissue using various AIII analogs; and 

Fig 14 illustrates the percent of control response in wound closure 
relative to a vehicle-treated control using various fragments of All. 

nailed Descrirtti"" " f thp l"ve" tion 

Pursuant to the present invention, wound healing in mammahan ussue .s 
promoted through the use of a composition comprising an effective amount of at least 
one active fragment of All or analog thereof. The active agent ,s gene* 
administered in a matrical or micel.ar solution and is effect ,n acce.eraung re- 
epithelialization and tissue repair even in very low concentrates. 
' The active fragments of All and ana.ogs thereof of particular .merest ,n 
accordance with the present invention are characterized as comprising a sequence 
consisting of at least three, and preferably at least four, connguous ammo c 

„f „rnuDS R'-R 6 in the sequence of general formula I 
corresponding to a subsequence of groups R K in in q 

R '-R'--R 5 -R 4 -R 5 - Ri - R - R 
in which R' and R 2 together form a group of formula 

X - R A - R B * 

wherein X is H or a one to three peptide group and a peptide 
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bond between R A and R B is „ • 

o K is hbite to ammopeptidase A cleavage: 

* J IT *- - — — . - v aI . ^ Ite , Gly> 

^ R<iSSeteC,ed,ron, »«^P— SofTyr.^.Serand 
^ * « se,e«.d ta, ^ of n ^ ^ Md 

R' is His or Arg; 
R ' 's Pro or AJa; and 

R' is selected from .he group consisting of Phe PhefBrl n „ 
Ty, excluding sequences including R« as a .erminal Tyr grl ^ 
In one class of preferred embodiment R» ,•„„.„>,, , 
Asn, Acpc CI.ami„« y c,o P e„ 1 a„e carbolic acij a^TT' ° H 

VWe.H.Pro lA^^H"?" ^ ^ 

R'-R'-R'-R'-r-.r'.r,. 

Orn S in ,r! Ch , ,S Se ' eC,ed ^ ^ 8r ° UP <* H, Arg, Lys ^ 

Orn, Ser(Ac), Sar, D-Arg and D-Lys; ^' ' 

R J is selected from the group consisting of VaI Ah r .. ^ 
Pro, Aib, Acpc and Tyr; ' * Uu ' Ile ' G <* 
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azaTyr; 
Gly, 



R« is selected from the group consisting of Tyr, Thr, Ser and 
R> is selected from the group consisting of lie, Ala, Leu, Val and 

R« is His or Arg; 
R 7 is Pro or Ala; and 

R. u selected from .he group costing of He, Phe. PneTBO and 



Tpartcu^ preferred subclass of ,he compounds of genera, formula I. has 
the formula ^ R . . Tyr . R> . His - Pro - Phe [SEQ ID NO:14] 

herein R-, R' and R* are as previously defined. Particularly preferred is angiotensin 
If the formula Arg-Val-Tyr-ne-His-Pro-P-e ,SEO ,D NO.,. The fragmen, - 
8) was ineffeeuve in repeated tests; .his is believed to be due .0 .he exposed tyrosme 

on the N terminus. . . 

ln ,„e above formulas. ,he standard .hree-,e..er abbreviations for am.no acK, 
re sidues are empioyed. .n .he absence of an indica.ion .0 .he contrary, .he Worm 
tne amino acid is intended. Cher residues are abbrevia.ed a, follows: 




Sue 
Phe(Br) 
azaTyr 
Acpc 
Aib 
Sar 



N.N-dimethylglycyl 



^carboxy-N.N.N-trimethylmethanaminium hydroxide inner salt 
(petaine) 



Succinyl 

p -bromo-L-phenylalanyl 
a za-a'-homo-L-tyrosyl 

1- aminocyclopentane carboxylic acid 

2 - aminoisobutyric acid 
N-methylglycyl (sarcosine) 



,, h as been suggested tha, A.., and its ana,ogs adop. either a S a^na or a 
turn |Rego,i,D.e.al. (.974) Pharmacol o, Angiotensin. Pharmacology. 
Revi ws 26:69,. ,„ general, i, is believed that neu,ra, side cha.ns .n positions R , R 
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and R'may be involved in ^ 

■ P— R-, R- and R- prjmarir, for 
■ntrmsic activity. Hydrops sjde chains in posits R , ^7^T 
■mportan, role on ,he whole conformation of the pe D1 id e » H, " "'^ a " 

formation „, a nydraphobicpoc ^ ^ «*- * 

Appropriate side chains on the amino add in Dosi.i„„ »> 
affinity of the compounds for ^"7 ' """"^ * 

conformation of, he peotide F„r„- P h / »» •".ponan. role in the 

pept.de. For ,h,s reason, Arg and Lys are parties pK[erral 

For purposes of the present invention, it is believed that R. . 
*■ Nation of linear or no,,i„ear hydrogen ^Z Z ™' " " 

model) or R* n„ tu- u ( ,n tne gamma turn 

or K (m the beta turn modeJ). R» wouId akn „ . 

«- -paralle, structure (which has! ZZ ^Z^ ' 
contrast to other positions in 8 e„e,a, form u ,a ,, , 

branching are e qua „y effective in , his position MoZer ^ 
may be sufficient to maintain a relative! stab e Ifo ' b °" f 

- occupation -^£rrr;r r b,,, "" 

selected from Tyr, Thr, Ser and azaTyr In , his „,,-, ^ Thus, R is preferably 

- » -ay form a hydrogen bond withl r ^ ~ I 

**~ - the phenolic hydro., ^ ^ ^ — < 

— acid in this position be selected from l," ' ^ ^ ^ *" 

*• * H ;;::rri ~ imeres, ; n ~- wi,h *° — - 

8- the untque properties of the imidazole ring of histldin, r 
~« a, physiological p H , ability ,„ a c, as proton donor r ice !! • 
character, are beiieved to contribute to its particular utility as R' For e T" 
conformant, models suggest that His may panicle in h / ' " ' 
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the oriema.ion of R'. Si-* i. is presemly consider .h„ R' should be Pro in 
order .o provide .hemos.des.rabie.ori— of R'. In position R bo* 
Hydrophobic ring and an anionic carboxy, .ermine, appear ,o be pamcuiaHy -J 
biding of .he analogs of interest - recep.ors ; therefore. Tyr and espeoaliy Phe are 
5 preferred for purposes of .he present invention. 

Angiotensin II is one of .he most potent vasocons.ric.ors known, causing 
cons.ric.ion of the small arteries .ha. branch to form the capillaries, i.e ? *. anenoies. 
The bioiogica. formation of angiotensin is initiated by the action of rerun on tite 
pus*. suLate angiotensin. Tne substance so formed is a decapept.de caUed 
10 angiotensin ■ which is converted ,o angiotensin II by the convening enzyrae 

angiotensins. that removes the Cermina, His-Uu residues from angiotensin L 

Studies have shown that the vasoactive product of the renin-ang,o,ens,n sys.em, 
angiotensin ,1 (AH), increases the release of growth factors, mi.ogenesis, Chernovs 
and ,he release of e».race,,u,ar matrices of cuhured ce„s .ha. are mvoived .n wo d 
15 repair [Dzau V.E e. ai. (1989) Mc.ecu,ar mechanism of angio,ens,n ,n .he relation 
U Oscular and cardiac grow,, J Mo, Ce„ Catdio, 2, (Su PP ,e ■„)*,; Ber, BC e- a, 
(,989) Angiotensin II stimulated protein synthesis in cuUureO vascu,ar smoo,h musde 
ens Hypenension 13:305-14; Kawahara. Y, e, al. (1988) Angiotensin II mduce. 
expression of the c-fos gene through protein kinase C activation ~°" 
20 mo— in cuitured vascular smooth muscle ce„s. BBRC .50:52-9: Nafhlan A. 
e, a,. (1989) Induction of p,a.e,e,-derived growth factor A-chai„ and cmyc gene 
expressions by angiotensin in cuhured ra, vascu,ar smooth muscle ceii, I Om 
InTes. 83:1419-24; Taubman. MB e. al. (1989, Angio,ensin II .nduces c-fos mRNA in 
aortic smooth muscle. Role of Of mobi,i*a.ion and protein kinase C ac.rv.fo. 
25 Bio, Chem 264:526-530; Nakahara. K e. a,. (1992) .dentification o, .hree .ypes o 

PDGF-A chain gene transcripts in rabbit vascu,ar smoo.h muscle and the,r regulated 
-e,opme„. and by a„gio,ensin U. BBRC ,84:811-8; S.ouffer OA 
and OK Owen, (,992, Angiotensin .1 induced mi.ogenesis of spon.an.ous„ 
hypenensive ra. derived cultured smoo.h muscle «b is dependent on au.ocr,ne 
3„ J lc.io„ of transforming growth facor-.. Cite Res 70:820; Wolf G « a,. (.992, 
A„ 6 io.e„si„ U stimulates the proliferation and biosynthesis of .ype . ^ iagen m 
cuhured murine mesangial cel.. Am 1 Pa.ho, ,40:95-107; Be,,, L and JA Madr, 
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(1990) Influence of tfe angi01(!min M 

. Am J Pathol 137:7-12). ,„ ad(I „ 0 , AII ^ 
rabbt, cornea, eve and chict chonMlIantoic membrane " FelT^T m 

^tion of growth fnctorsT, e a, f * ^ «» 

factors h., h 7 , "'"" y - Ex08enous add '«°" of growth 

factors has been shown , 0 accelerate wound repair thm„„h . ■ 

IGrotendorst, OR el a] fl*™ <t,- , • 8 Vanely of ««*anfan, 

P.a.e,e.. d eriv d ^ t ZT" T * 

Mustoe, TA e, a 7^ 22Z h T ^ "* ' C "" *"™ ***** 

transforming gr Jh factors " 8 W " ndS h raK *— •» 

g growth factor-^. Sc lenre 23 7 . 1333 . 5 p 

«— .. wound heahng a „ gmenlcd by platclel . dcrjved ^ " * -» 
recombinant csis gene homodhneric proteins J Exn M ,1 o 
- 09S9) Orowth factors in wound hlng <^ ^ " " 

« ai. (.990, PDCF and FOF « ^ Greenhaigh. DG 

mouse. Am J Patho, ,3 6 . 12 j 5 461 R " g '" ' he ^"Ccally diabetic 

uo.iij5.46). Recent studies showed th-,. an ■ 

after vascular injury Scienr, ,« ,« . „ P rnyo,nl,mal proliferation 

response to vas^irtuT ' * ° ^ ""^ ^ 

Cardiovasc pTI " , " SUPPreSKd * "* ""»"» <"*'*>"• ' 

wruiovasc Pharmacol 16 (supnl 4V<?4? o- r»«r«. i 

v^uff 1 *).&*z-y 9 Capron, L et al fioon Pff„— r 

an mhibitor of angiotensin converting en^e. 0 „ the response ^1™" 
■njurv with a b a „ M „ calhe , er . , pham P * *— aor. a to 

airi99nPoi»«r ««wcoi 18.207-H; Osterriedes Wet 

(199.) Role of angtotensin II injury-induced neo in ,i ma formalion h ,,,, 
Hyper.ens.on l&Suppi lW044 . DaenBn , M 

— h muscle cel, proiiferntion in the norma, a „ ^^77 
68:450-61. As a result of fh»» k wal1 ' Circ «*« 

resu,, of ,hese observes, s, u dies were conduced to determine the 
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mechanism by which endows All may induce in.ima, f^^T ^ 
mhogen for smooth m»sc,e A tlbrob,as.s and endotheba. ~ 

.^..Itatt. P et .1 (1979) Effects of angiotensin II and angtotensm II antagonist 
ISchellmg, P et .1. (197*) 98*03-13; 
saralysin on cell growth and remn m 3T3 and SV3 cei j 
cJpbeH-Boswe,.. M and AL Robertson. (1981, Effects « 
vJLsm on human smooth muscle ceHs in vitro. Exp Mo. Patho. i« 
Em!, N e, ai. (1986, Effect of saralasin (angiotensin .1 antagoms, - ce« 
^ and pro.ifer.tion. J Ceil Biol 103:17! (Abst); Paquet, JL e. a.. ™) 
^ensin ,1-induced proration of aortic myocytes in spontaneous* hyp.netu.ve 
T Hype-s 8:565-7* D- « -.^ A" - "d the pro«,n -men 
Z sfce oTvascular smooth muscle ceiis [Berx e, al. (.989). supra; Getsterfer, AAT «■ 
a ( iTe*) Angiotensin U induces hypertrophy, no, hyperpiasia, of cultured rat aorttc 
m Usee cei, Circ Res 6,749.56,. Studies showed , ha, AH nerves * . 
re ,ease of growth factors of various types, including PDGF, hepann-bmding EGF 
transforming growth facto,/, (TGF0), and growth-related protooncogenes f om 
I! JL * endo.he.ia, ce„s and cardiac r,brob,asts (Kawahar. e, « 
supra; Naftuan. M (.992, The ro.e of angiotensin in vascular smooth musde ce. 
JL*. 1 Cardiovas Pharmaco, 20:837-40; Naftilan e. a!. <>989),sy; Taubman 
I (.989) supra: Nakahara e, al. (.992), supra; Temper e. a, (1992). supra; Gmbons 
GH eTIl (1^ Vascular smooth musCe cel, hypertrophy vs hyperp, a sia. Autocnne 
transforming growth factor-boa . expression determines growth response to 
aXnsin „ 1 Clin .nves, 90,56-6... Be.,. U e. al. , .992, Autocrine ang,o,ens,n 
system regu,a,ion of bovine aortic endothelial ce„ migration and p,asm,nogen^ 
activator invokes modu,a,ion of proto-oncogene p P 60c-src expresston. C, , hwes, 
8*315-20; Stouffer and Owens (.992,, supra, The ^ 
mu sc,e cells by AH was mediated through PDGF ,Berl, BC and 0NR~ >**> 
Lotensin ..-induced vascuiar smooth muscle ce„ hypertrophy, PDGF A-cha.n 
mediates the increase in size. J Cell Physio. 154:368-80). 

Therefore, it is conceivable that AH acts ,o accelerate - ^ 
creasing ,he levels of these growth factors in the wound tissue . A£« 
„as shown to stimulate collagen synthesis .hereby sugges.mg a role fo « factor 
extracellular matrix formation [Wolf. G e. al. (.991) .ntracellular stgnallmg of 



0 



WO 96/14858 

PCT/US95/14764 

transcription and secretion of type IV collairen after o • 

«« Zhou. G e, a,. 0 992, Angiotensin „ tnediated^ ^ ^ " ^ 
in <M cardiac fibroblas „ FASEB J &A19M , "1 ' " *~ 
chemoiaw^f.k. M1, Wound "Pair also involves 

cnetnotaxts of the necessary cell types i nl0 the wound bed All ^ „, .. 
induce ,he migration „, endotlle|iaI AI 1 - -» shown t0 

M"«ri (1990), ^j. " mUKk m "*"> P** and 

Recem studies also indicate tha, expression of All receptors is alters rf ■ 

pep«des .^rrrs Durins wound «— 

- — wound healing.' BBRC 1^3 ^ T** " ^ 

ev-dence of an incase in , h e ,oca, ^ JT^ 2 

that All may play a key role in the ™ , P SUfigests 

y Key roje ,n lne process of wound repair 

It has been observed that All and AIII have quite different hh. • , 
in several respect, For example, All showed a biphasi e 2Tn ^ ^ 
norepinephrine release (an earlier decrease followed b v a !l 
increase spontaneous norepinephrine release onl a^ 2 ~ X ^ 
biphasic effect on both evokeH ' h """"^ AI11 showed a 

fVatta, MS et a 7< , 1 ^ 'P 0 "'^ ~ norepinephrine release 
. a|. (1992) Monophas.c and biphasic effects of angiotensin II *nrf m 

- ™™ re ^:::„r and r show — - - 

can reMex - An enhances the sensitivity of the ren.„ u 

Research 91 -Tn c • . ««» process. Progress in Brain 

esearch 91.75). S „ r p„s,„g lv , „ 0 , wj , hslimclin( , ^ 

b.o,og,cal activity between an 6 io,=„si„ 1, and angiotensin III AIII and , 
ana,„gs thereof arc usefu, in acceierating wound h.a,i„g " 

effects ^ot: haVC °" A " C, " 7) '° eVa ' Ua,e hS ^ - - 

of AII(l-7) are atlnbuted to acting through the AT2 recemor H 

is no, consistent and depends upon the tissue cli„ e d " ^ 

A1K.-7, does no, have ntany of the effects cf All. A,. (I .„ laclts presMr 
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activi* or has very mUd (Active a, 10000-100000 .imes .he dose o, AH) effecu ; on 
L pressure depend upon ft. mode, ,es,ed and rou,e or -»"~* 

r„v»«ure that may be mediated through 
AI1Y 1-TJ has a depressor effect on blood pressure tnai my 
Zld synJ, .n addUion. in — ,o ,he effec-s of A„ AH(l-7) dow jiot 
Luse ca,echo.amine re.ease and a.dos,erone re,«ase and is no, d.psogen,^ e, 
a, 1991 Mo.ecu.ar charac.erfca.ion of angio,ensin I. rvpe I. receptors ,n ra, 

„n« Pemides 13-499-508; Cheng et al. 1994. Comparison of 
phe^hromocyoma c«.ls Pep. d« 1.4 o{ rat , a*. , 

pressor responses ,o ang,o.e„s,n I, H and « » ^ J of ^ 

Physiol 266:H2247-H2255; Moriguch,, A e, al. 1994. Drfferennal r g 

267 : R786-R791; Schiavone et at. 1990. Angiotensin .1 

the brain J Cardiovascular Pharmacol 16(Supp. 4):S19-S24; Ferrano e, al. 199 . 
"grnsin-d-^ A new hormone of the angiotensin system. Hypertension 19,supp, 

^""r,, AHCW) * a - P-r ,a, retires ahou. 10^ more 
AIK1 .7, than All to ge. a compare response [B e„,er e, a,. .99, C*£~»* 

• t\ "t\ o.niides 14-679-6841. In this system, AII(l-7) had a long 
actions of ang,o,ens,n(.-7). Peplides 14 ^ 

depressor effect that was dose dependent. AII(3-7) had less o p 

A l.„, bu, had no depressor effect. .« is also noted .hat A,.(.-7). A..(2-7, and 

23-7, may affec. .he dopamine sys.em and memory (suggest a psychoacve 

effeCt ^ u „,; nm 0 f M\(\-l\ are quite distinct from All. All 

In several systems, the actions of A1I(,1 /} arc h 

stimu ,a,es choline producion in ra, mesangial cells through .he ATI ^ 
71 and All(l-o) has very weak effects on .his parameter IPfe.lschmer e, al 1992. 
!£2 V— 1 of phospholipase D in rat rena, mesangia, cells ,s med.a,ed 
hv the ATI receptor subtype. Eur J Pharmacol 225:57-62]. 

" m orZaortic el.helia, cells, A. and A„(..7, s.imu,a,ed the re,ase of 
prostaglandin E2 and .2, but A., did no, have this effect [Jaiswa, e, al. »2 
Ln JLon of endo,he,ia, cell Poland, j— . J — ^ ~f ^ 
Character^ of recep.ors. Hyp— ,9 P. M 1 ^ ^ 

s, im „,a,e .he release of MM M „ s Ms lhro ugh a 

not human or porcine endothelial cells. This effect 
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receptor distinct from ATI and AT2, 

In rat glomerulus preparations, All inhibited the formation of ak. d ■ 

An(.-7) did „o, have this e«L ' ^ ^ 

In porcine vascular smoo.h muscle cells and human asm*™* All a™, , 
-creases proband* rcfease; onlv angio.ensin „ ^ ^ 
.niracellular G.2+ [Jafa™, e , „. 1993 Di(ferem , a , , . ^ ° f 

*■ Porcine aonic smoolh muscle J^^'' 0 " * «-P««- 

— - M d , P ^ ^r,ir r;;~r 4 J 

~ ~ — - P— svn,he sis „ „„ma„ as ^ 
Hypertension J7:11J5-1 120J. astrocytes. 

™ r nary ane,y ***** ^ -* — 

-1. ijw. Release of nitnc oxide by angiotensin n i\ 
: ndo lh . lium: inlplicat ,, ns for a J '"J *- corona* 

654,. This was no, curved wi,h AI., A... or ^.(3-8, ^ * 52 " 
a«en„a,ed by an,a e o„i s ,s of ATI or AT2 recepJs " 0 ' 

— nodose ^XZZ ° f ^ — " " « 

— * a„ (1 . 7) raay ha. rove , act: :rrrr ; S c p ;r A,4:597 • 6I3, • 

Angiotensin n 71. c , unction fSchiavone et al. 1990. 

™ g .otens]n-[l-7]: Ev,dence for novel actions in the brain J rw 

16(Su PP J 4):S19-S24j. Card,ovascular Pharmacol 

There are activities that AII(l-7) shares with AH, such as release of 

* 1994. Different re gul a,ion of cemra, vas„ pr e ssin M ° nf!UC '"' A « 

— Ke„- 2 S e„, Am , Phy , 01 ^^^I^™--* " 
): A - hormone of ,h= , g io,e„si n svs,em. U^JL'^Z^^ 
33) ' T " Me ^"^ • « no, involved in wound repair. 
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The effec* of other fragment of AH have been s,ud iK l in very few im«a„ces. 
Mos, neurons in ,he paraven,ricu,a,nuc,eus are exci,ed by Angd-7, 
bu, A1I(l-7) is weaker in .his eff« K in .any neurons, An(2-7) was mace [Ambuhl 
e, a. 1992. Effects of angiotensin analogues and angiotensin receptor antagon.su on 
et ai. m*. D „, M „ tR.iii.nol. All injected in the lateral 

paraventricular neurones. Regulatory Pepudcs 38.111 la* ~ J 
Lebra. ventricle increased the motility, stereotypy and leammg of condmoned 
avoidance responses; A..C.1-0) and A1I(2-6) were no, active in these psychotropic 
activities (Holy. Z e. al. 1993. Psychotropic effecK of an g io«ensin I. N-termma. 
fragment Asp-Arg-Val-Tyr-He-His and Axg-Val-Tyr-lle-His in ra B . Pohsh J 

Pharmacol 45:31-41]. . 

AII( 4-8), An(5-8) and AI.(l-4) showed only a sligh, effect on water tntake 
when injeld into the anterior diencephalon in the ra,, and A„(.-7, was complete, 
inactive Simmon, JT. 1971. The effect on drinking of peptide precursors and o, 
shorter chain peptide fragments of ang*.,ensi„ H injected into the ra, s d,ence ha,n. 
j Pnvsiol 214:295-303). mtracerebroventricuiar infusion of All fragment [AH(4-8) 
and AIK5-8)! in the ra, produced a minimal effec. on blood pressure even when gtven 
™Llns 1000, higher ,ha„ ,ha, of All ,a, increased blood pressure IWrigh, 
e, al 1989. Structure-function analyses of brain angiotensin control of pressor aeon 
in r a' K . Am J Physio, 257:R15 5 >-R1557,. In both of these studies, the fragments were 
injected directly into the brain; this is highly artificial and does no, allow for sys,etn, 

^ AcLing ,0 ,he me,hod of ,e invemio, an acive fragmen, or analog .hereof 
in accordance wi,h ,he presen, invemion is applied ,o wound .issue in amoums 
sufficien, ,o increase .he healing ra,e of .issue. These compounds can s, g m can >y 
accelera.e ,he rate of healing a, nanomolar levels ,„ v,V». For any g,ven acn, agent, 
the op,imum concen,ra,ion fo, a given formuia.ion may readi,y be ™« d 
empirical*, m genera,, an amoun, of acive agen, -able for use m accordance w. h 
I/present invention ranges from abou, 0.0001 ,g - abou, 10 mg per k,,ogram body 

"^The compounds of ,he inven.ion may be applied in a varie,y of solutions. 
Suitable so,u.ions for use in accordance wi.h the presen. inven.ion are stenle dtssolve 
sufficien, amounts of ,he peptide, and are no, harmfu. ,o wound .issue. In .h,s 
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regard, the compounds of the present invemion an 

«rong acids and bases. The compounds of the p 'I ~ ^"'^ * 

organic and in aQueous „ * — - « «* * 

Any type of application means may be emploved whirl. - • 
' active agents into the Ussue over a period of 2 P **" ° f 

— could be appiied to the ^^ .17* " ~ 
such a solution could be ,on„u,a,ed so , ta , a timL Irf * " "* °' 

>*. -Posome, ointmen,, raicel|es , ^ZT^T 7 
formulations witb the compounds of ,„ p„™, * *""' 

ordinary skill i„ the art The ™„- , P "" nVem, ° n are ^""0 *ose of 

X i in the art. The panicular concentration of active arent e m m„ .. • 
critical, as the tissue-repairing effect is present even when S ^ " " 0 ' 

in nanomolar quantities. compounds are present 

Preferably, a matrical or miceilar solution is e mpIo yed with the 
Present ,„ a concentration of a, leas, 30 micrograms pe A oa, T, 
matnea. solution which has been used to advance in thrT t 
semi-sohd polyethylene ^1 p„, ymer so|d u ^ "t £ ^ " ' 

Med Sciences, New Brunswick, New Jersev 2, r ^ * 

solution sold under the trade p Another preferred solution is a miceilar 

™ unoer the trade name Pluronics F108 bv BASP I , 

Under room temperature conditions, this solution H. IX'b 7 
-» tissue the solution forms a ge, which perm he ^'^ " 

•ne wound tissue for a period of l ra , d ^ ~ "T" * "*» "« *"° 
carboxymethy, cellulose preparations ( as us^d in e IT T'" ^ 
Prepara.,. <e,, saline. Ri „ 6 e,s lactate .e^^^™ 
—.poiye, hylene glycol, polypropylene glycols and 

•-ma, stasis ulcers, periodontal condition, lacerations and o, rtl ft 0 , 
addition, intraperitoneal wound tissue such as tha, result,™ , - 
<* -ed with a composition in accordance ZZ^7 T" ™" 
healing For examnle f„li„ • .. P mvention to accelerate 

example, following the surgical removal of a colon section or „,he r 
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tfssue, .he surgica, p,ane ma, be coated with . so,u,ion of ac,ive agem prior ,o dosing 
*. surgica, si,, in order .o acceierate interna. capiU.ry perfus,on and „e»„„g. In 
addition, the rate of .ocaiized heaiing may be increased by the subdermal 
administration of active agent by injection or othermse. 

Tne invention may be better understood with reference to the accompanying 
example, which is intended for purposes of iliustration o„.y and should no, be 
example, wi invention as defined in the claims 

construed as in any sense limiting the scope of the inventio 

appended hereto. 

Sample 1 obtained from Simonsen 

Male Sprague Dawley rats, 12 weeks oia, wc 
oratories, Gi,roy, CA. On tbe da, of surged the rats received in— * 
ke,amine,rom P um anesthesia prior to preparation for surges The ™ 
and scrubbed wi.h betadine. Four 2 x 2 cm full thickness derma, wounds were 
crea ,ed on the dorsa, surface of the rat. Fo>,owi„g excision of the sk,n. the sr. of the 
^ was outhned on a g.ass siide and the medicament was ad_ ed u. <X, 

Hydron soiution comprising .0% Hydron. 1% pW- rtM <H« 

• , «. oHminktered in a randomized fashion; angiotensin 
ethanol. The test matenals were administered in a i* 

n , a rnntmU were treated with vehicle only. 
Ill was evaluated at 3 and 10 M g/«°und. Controls were 

r u . the rats were bandaged and allowed to 
After administration of the materials, the rats were d b 

t . o c a 8 a nd 10 the area of the skin wounds were 
recover from anesthesia. At days 2, 5, 6, 8 ana iu, uic 

ZZL under me,ho*yflurane anesthesia (commercial avai.abie as Mtfofane from 
Piuman-Moore, Mundeiein, .L). The area of the wound was derermmed by: . 
Ling the wound shape onto graph paper 0 x . mm souares); (2, cu.„ng ou, the 
shape; (3) weighing the paper and comparing the weigh. wi,h a 2 x 2 cm paper 

cutout; and (4) counting .he number of squares. ,...,„ 
As iUustrated in Fig. 1, wound dosure was substantia,,, a— — _» 

the con.ro. animais when .he .es. anima,s were ,re*.ed wi.h angio.ens,n .... a. both 

, he 3 „g and .he .0 „ dosage, Fig. . iUus.ra.es ,he percen. increase ,n wound 

dosure relalive lo a vehic.e-lrea.ed conlrol. 

"ma, Sprague Daw.ey rats, .2 weeks o,d. were obtained from Simonsen 
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full thickness derma, wounds were created on the dorsal surface of the rat p „ • 
— ■ of the skin, the si, of the wound was outlined on a gI ass ~ 2 ' 
medlCamem W3S adm '"^red in 100 „ Hydron solution comprising 10% H^n 
^ethylene glyco, (MW 400) and 60% ethano,. test ml" ' * % 
— ered in a randomized fashion; aJ , material were tested at 10 ^ound 
Controls were treated with vehic.e on, y . After administration of the m^Zl 
rats w ere bandaged and ^ ^ ^ a ,JT^L 
9 0 the area of the sKn wounds were measured (for .nalogs 1A * 2 ^ ^ 

" rr ( — cia,,y avai,awe as Metofane - 

shape o o h W ° Und ^ determ,ned * (1) - -und 

hape onto graph p aper (1 x 1 mm squaresJ; (2) ^ ^ 

^ paper and comparing the weight with a 1 , x U cm paper £ 
countmg the number of souares. ,„ addition, on days 2-3, 5 and 8, th a 
granulanon tissue was simi.arly determined (for ana ,o g s 1A, IB and 2 7) T h , 
employed were the following: * The ana, ° gS 

Analog 1A Ile'-angiotensin III 

Ajla '° g 18 VaJ'-angiotensin Hi 

Ana '° g 2 Lys'-angiotensin III 

Ana, ° g 3 AJa ; -angiotensin III 

Ana '° S 4 Thr'-angiotensin III 

Ana, ° S 5 Leu'-angiotensin III 

Ana '° 8 6 Arg'-angiotensin III 

Analog 7 Ala*-angiotensin III 

Analog 8 Tyr 7 -angiotensin III 

accc e rated rel!Ulve to ,„ c comro| wounds J 
Ana,o gs , 8 , mm „ with gencra| formuIa , 2 - - «h 

percen, of con,., response in wound closure ^ . 
e V case, admin ,, mion of onc of , hc ^ 

■ r Rsures 4 ond 5 jlluslra , e , he perKm of comroi ~ 

«*-*. •„= f„, maIion of 6ranula| ,, n , issue compared to « 
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atone. Therefore, these anatogs *•* » re effcaive pr£M "" ine W ° Und hMHne - 

^^^ale Sprague Dawley rats. 175-200* were obtained from Simonsen 
Laboratories, Gi,roy, CA. On ,he day of surge,* .he ra,s received 
MM —hesia prior to preparation for surgery. The rau were shaved 
and scrubbed with betadine. Two 1.5 x 1.5 cm fuii thiOcness derma, wounds were 
le, on the dorsa, surface of the ra, Fo„owing excision of the sKn. the s^ of Ute 
^nd was outiined on a gUss siide and the medicament was adtn,n,s,.red ,n .00 u. 
10 % .ow viscosity carboxymethy. ce.lu,ose (Sigma). The test materials were 
administer in a randomized fashion; a„ materia, were teste, a, .00 ^ 
Contrds were treated with vehiCe on*. After administration of the tn . ena,s. the 
rau were bandaged and a.,owed to recover from anesthesia. On days .-4 after 
su „e„ the rats were treated with an additions! .00 ,g of pept.de formu,at™ A. 
dlTa 4 .7 and , the area of the stin wounds were measured under methoxyTurane 
lelthesia (commercial avai.ab, as Metofane from Pi.tman-Moore, Mundelein. IL). 
The area of the wound was determined by: (., tracing the wound shape onto g~ph 
paper (. x 1 mm squares,; (2) cutting out the shape; (3) weighing the pap- and 
Lmoaring the weigh, with a 1.5 x ,.5 cm paper cutout; and (4) countmg the number 

. , 4 nnr i 7 the area of granulation tissue was 
of squares. In addition, on days 2, 4 and /, the area o b 

rfmna r ;z:id , Rg , wo Un a - sub— — 

to th e contro. animais when the tes, animais were treated with a., fragments except 
AIKU) and A..C4-8,. Figs. 6 and 7 Mustra.e the percent of con.ro, response m 
J„d Cosure re,a.ive to a vehiOe-treated contro, using fragments of A„ as herem 
defined. Figs. 8-„ ...ustrate the percent ofcon.ro, response in format,™ - 
gra„u.a,ion tissue; Figs. 8 and 9 refect data from contro. wounds to whtch Ftgs. 
and 11 respectively, should be compared. 

From the foregoing description, one sKUed in the ar, can readiiy 
essentia, characteristics of the invention and. wi.hou, departing from the sp,nt an 
scope thereof, can adapt the invention to various usages and condmons. W 
fl and substitution of equiva,en,s are contempiated as circumstances may suggest 
rTender expedient, and a.though specific terms have been emp,oyed herem, they are 
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intended in a descriptive sense and not for 



purposes of limitation. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Rodgers, Kathleen E. 
diZerega, Gere S. 

fiO TITLE OF INVENTION: USE OF ANGIOTENSIN II FRAGMENTS AND 
( 0 ^ALOGS THEREOF IN TISSUE REPAIR 

(iii) NUMBER OF SEQUENCES: 14 

fhA CORRESPONDENCE ADDRESS: 

C } (A) ADDRESSEE: c/o Robbins, Berl.ner & Carson 

(B) STREET: 201 North Figueroa Street #5UU 

(C) CITY: Los Angeles 

(D) STATE: CA 

(E) COUNTRY: USA 

(F) ZIP: 90012 

(v) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: Floppy disk 
rm COMPUTER: IBM PC compatible 

c Operating system: pc-dos/ms-dos 

(D) SOFTWARE: Patentln Release #1-0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 
fA) NAME: Spitals, John P. 
)n\ REGISTRATION NUMBER: 29,215 
SS^SScETOCICET NUMBER: 1920-360 

fix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (213) 977-1001 

(B) TELEFAX: (213) 977-1003 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 8 amino acids 



— . . 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Asp Arg Val Tyr lie His Pro Phe 
1 5 

(2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

Arg Val Tyr He His Pro Phe 
1 5 

(2) INFORMATION FOR SEQ ID NO:3: 

0) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NQ:3: 

Val Tyr lie His Pro Phe 
I 5 

(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

Asp Arg Val Tyr He His Pro 
1 5 

(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

Arg Val Tyr He His Pro 
1 5 

(2) INFORMATION FOR SEO ID NO:6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 

Val Tyr He His Pro 
1 5 

(2) INFORMATION FOR SEQ ID NO:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



21 



WO 96/14858 

(ii) MOLECULE TYPE: peptide 



PCT/US95/I4764 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

He His Pro Phe 
1 

(2) INFORMATION FOR SEQ ID NO:8: 

(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:i 

Asp Arg Val Tyr He His 
1 5 

(2) INFORMATION FOR SEQ ID NO:9: 

(0 SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 

Asp Arg Val Tyr He 
1 5 

(2) INFORMATION FOR SEQ ID NO.10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 

Asp Arg Val Tyr 
1 

(2) INFORMATION FOR SEQ ID NO:ll: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 

Asp Arg Val 
1 

(2) INFORMATION FOR SEQ ID NO:12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID 

His Pro Phe 
1 

(2) INFORMATION FOR SEQ ID NO:l3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



23 



WO 96/14858 

PCT/US95/14764 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13: 

Tyr He His Pro Phe 
1 5 

(2) INFORMATION FOR SEQ ID NO:I4: 

(0 SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14: 

Xaa Xaa Tyr Xaa His Pro Phe 
1 5 
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WHAT IS CLAIMED IS: 

1. A method of accelerating wound healing, comprising applying to a 
wound an amount effective to accelerate wound healing of at least one 
active agent characterized as comprising a sequence consisting of at least three 
contiguous amino acids corresponding to a subsequence of groups R'-R in general 
formula I 

r'-r'-R'-R'-R'-R'-R'-R 8 
in which R' and R 2 together form a group of formula 

X - R A - R 8 "» 

wherein X is H or a one to three peptide group and a peptide 
bond between R A and R B is labile to aminopeptidase A cleavage; 

R' is selected from the group consisting of Val, Ala, Leu, He, Gly, 

Pro, Aib, Acpc and Tyr; 

R< is selected from the group consisting of Tyr, Thr, Ser and 

azaTyr; 

R> is selected from the group consisting of lie, Ala, Leu, Val and 

Gly; 

R* is His or Arg; 
R 7 is Pro or Ala; and 

R* is selected from the group consisting of Phe, Phe(Br), He and 
Tyr, excluding sequences wherein R 4 is a terminal Tyr group. 

2 A method according to claim 1, wherein R A is selected from the group 
consisting of As P , Glu, Asn, Acpc, Ala, Me^Gly, Pro. Bet, G.uCNH,), Gly. AstfNH,) 

and Sue. 

3. A method according to claim 1, wherein R" is selected from the group 
25 consisting of Arg, Lys, Ala, Orn, Ser(Ac), Sar, D-Arg and D-Lys. 

4. A method according to claim 1, wherein the active agent is administered 
in a matrical or micellar solution. 

25 
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* -i^l— «■ ~* - — .sen, is admi ,,, tered 

8 - A composition for acceJeratinc wound h—r 

o, di, U e„, ami a „ amoum effKiive « 2tT2 r PriSi " 8 8 ^ 
«ve agem cnaraoerfeed as comorhi™ , hMling ° f 81 ,easl °™ 

con.iguous a mi „„ acid, cor^T ^ « « teasl *~ 

R'-R ; -R'-R-.r>.r.. r .. r . 
Wh, ' Ch R ' a " d RI '^*er form a group of formula 

and R K ,ab„e 1Q aminopepMase A 

IS Sdec,ed f "» '"e S'oup consisting of Va , A „ , '„ 
Pro. Aib, Acpc and Tyr; ' ' Uu ' l,c - C| y. 

azaT W R ' " Se ' eC ' ed fr ° m »°°> * of T yr , m,, &r and 

R' * *,ec,ed from , he group co „ s ,, tj „ g of ]|e ^ uu Md 

R" is His or Arg; 
R 7 is Pro or Ala; and 

R« is selected from ,„e gr0IJ p co„si s ,i„ g of Phe Pheran „ 
T^. ending sequences w h e rei „ R- „ . ,„„,„,, ^ ^ ^ * « 
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9. A composition according to claim 8, wherein R* is selected from the 
group consisting of Asp, Glu, Asn, Acpc, Ala, Me'Gly, Pro, Bet, Glu(NH : ), Gly, 
Asp(NHj) and Sue. 

10. A composition according to claim 8, wherein R B is selected from the 
5 group consisting of Arg, Lys, Ala, Orn, Ser(Ac), Sar, D-Arg and D-Lys. 

11. A composition according to claim 8, wherein the active agent is 
administered in a matrical or micellar solution. 

12. A composition according to claim 8, wherein the active agent is 
administered at a rate of at least 0.1 ng per kg body weight in a suitable carrier or 

10 diluent. 

13. A composition according to claim 12, wherein the carrier or diluent is 
selected from the group consisting of carboxymethyl cellulose preparations, crystalloid 
preparations, viscoelastics, polyethylene glycols and polypropylene glycols. 

14. A composition according to claim 8, wherein the active agent is 
15 administered in conjunction with a wound dressing. 
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